Perception and action are believed to be based on different spatial information [1] [2] [3] [4] [5] [6] ; perception depending on positions relative to the surroundings and action on positions relative to the observer [4, 5] . We reexamined this distinction by presenting subjects with a spider walking across a background. Moving the background influenced perceptual judgements of the spider's velocity, but not of the spider's position. When asked to hit the spider with a rod, motion of the background influenced the speed with which subjects moved the rod, but not the direction in which they did so. Thus, both frames of reference are used in both perception and action. We argue that the distinction is between position and motion rather than between perception and action.
Perception and action are believed to be based on different spatial information [1] [2] [3] [4] [5] [6] ; perception depending on positions relative to the surroundings and action on positions relative to the observer [4, 5] . We reexamined this distinction by presenting subjects with a spider walking across a background. Moving the background influenced perceptual judgements of the spider's velocity, but not of the spider's position. When asked to hit the spider with a rod, motion of the background influenced the speed with which subjects moved the rod, but not the direction in which they did so. Thus, both frames of reference are used in both perception and action. We argue that the distinction is between position and motion rather than between perception and action. A moving background that makes a target appear to move when it actually does not, or not to move when it actually does, hardly influences the accuracy with which subjects point at the target [1] . Similarly, failing to detect the displacement of a target when it occurs near the time of a saccadic eye movement does not prevent subjects from accurately pointing at or reaching for the displaced target [2, 3, 7] . These and similar findings have led to the current belief that perception and action use different spatial information [1] [2] [3] [4] [5] [6] . The suggestion is that action depends on positions relative to the observer, whereas perception uses the surroundings as the frame of reference [4, 5, 8] . Indeed, although the perceived velocity of a moving object that one pursues with one's eyes is largely determined by its motion relative to the surroundings [9] , subjects can hit a moving target quite accurately in the absence of such surroundings [10] . Unfortunately, in all these studies subjects reported on perceived motion or displacement, whereas the action was directed at a certain position. Thus the distinction between action and perception was confounded with one between motion and position. In the present study we examine the influences of motion of a background of randomly oriented lines on the subjects' perceptual judgements of the velocity and position of a running spider, and on the way they hit the spider with a rod. The target was a computer simulation of a red spider running to the right across a surface of randomly oriented yellow lines. The surface appeared to coincide with a transparent screen that was about 7 cm in front of the computer monitor. This screen protected the monitor from being hit by the rod. To make the visible surface coincide with the protective screen we presented different images to the two eyes (at 60 Hz per eye) using LCD shutter spectacles. differences between the actual and the perceived distance of the image made it necessary to account for changes in perspective when the subjects moved their heads (we did not want to restrain the subjects because of the possible influence on the way they hit the target). We accounted for such changes in perspective on the basis of continuous measurements of the position of the head (with about 35 ms delay). When the background moved at 6 cm/s in the opposite direction of the spider, the perceived spider velocity increased by about 4 cm/s. When it moved in the same direction, the perceived velocity decreased by about 4 cm/s. Motion of the background had no influence on the position at which subjects saw the spider disappear ( Fig. 1 ). The fact that the perceived velocity of the spider is not entirely determined by its velocity relative to the background could mean that we also have access to information on motion relative to ourselves. Alternatively, the modest influence of the background could be due to the conflict that arises between motion and change of position. Thus, perceived positions were relative to the observer, whereas per- , or moved at 6 cm/s in the opposite direction (A). For the velocity judgements, presentations with the red spider were alternated with ones with a green spider (on a static background). Each ran for between 250 and 500 ms; with 500 ms between presentations. Subjects adjusted the velocity of the green spider to match that of the red spider. For the judgements of the spider's final position, the red spider appeared 2 to 4 cm to the left of the center of the screen, ran to the right for 367 ms, and then disappeared. After another 500 ms the background was replaced (eliminating the external frame of reference) and the green spider appeared. Subjects moved the green spider to the position at which the red spider had disappeared. Symbols show averages of six subjects' settings (each condition presented five times, in random order). Paired t-tests (individual subject's mean data with and without background motion; 95 % confidence limit) confirm that the moving background influences the perceived velocity in the predicted manner in all four cases. There was no significant effect of background motion on the perceived final position The thick lines show average trajectories of attempts to hit spiders running at 18 cm/s to the right across a static background (thick line with squares) or across a background moving at 6 cmls in the same direction (thick line with triangles). The running spiders appeared on the screen 8 cm to the left (and about 40 cm in front) of the initial position of the rod. As the reaction time was longer (reaction times to motion onset are determined by the relative velocity [15] ), and the subject hit more slowly (triangles are closer to the screen than squares) when the background moved, the spiders on the moving background had moved further to the right by the time they were hit. This difference in position is responsible for the lateral shift between the two average trajectories. Note that the trajectories themselves are very similar. The thin lines (and circles) show average trajectories of attempts to hit static spiders that were approximately at the position at which the moving spiders were either at the moment that the subject started moving the rod towards the screen (left) or at the moment that the rod actually hit the screen (right). The trajectories towards these static spiders are clearly different from those towards moving spiders hit the spider as quickly as possible by promising to give a prize to the subject who hit the spiders fastest. As a result, for most subjects, the rod accelerated until the moment of impact. Subjects knew whether they had hit the spider, because if so the spider was visibly "squashed". We found that when the spider moved faster, subjects hit both faster and further along its path. They moved the rod less quickly towards slow spiders despite the fact that they were encouraged to hit the spider as quickly as possible. As there was no tendency to hit static spiders faster when they were further along the moving spiders' path, the different speeds with which the spiders were hit must have been due to the spiders' velocities. The tendency to hit faster spiders faster was evident from the moment the rod started moving. Thus information on the spider's motion is analyzed before starting to move the rod. The trajectory of the rod when hitting running spiders was different from that when hitting static spiders (Fig. 2) . Information on the spider's velocity is evidently not used to predict the position at which one will hit the spider in advance. Instead, the direction in which the rod is moved is influenced by the spider's constantly changing position. Thus, variations in the direction of action mainly depend on the spider's position, whereas variations in the speed of action mainly depend on the spider's velocity. This fits perfectly with the influence of the background. The moving background did not influence the trajectory of the rod, but a background moving at 6 cm/s in the opposite direction of the spider increased the speed of the hit to a similar extent as would an increase in spider velocity of 3 cm/s, and a background moving at 6 cm/s in the same direction decreased the speed of the hit to a similar extent as would a decrease in spider velocity of 3 cm/s (Fig. 3) . Thus, the moving background has a similar influence on the velocity of the hit as it had on the perceived velocity; and a similar lack of influence on the direction of the hit as it had on the perceived position (compare Figs. 1 and 3) . Rather than between perception and action, the distinction appears to be between motion and position. If we want to retain a distinction between "perception" and "action" (as has been demonstrated quite convincingly in a neurological study [13] ), we must accept that information is processed differently at some stage. We argue that the dissociation occurs after "properties" such as position, velocity, direction [14] , size, and orientation [13] have been determined. Systematic differences in the extent to which certain percepts and actions rely on each of these "proper- ceived motion was -at least partly -relative to the surroundings. Despite the fact that we are very good at it, little is known about the spatial information that is used to hit a moving target [10] [11] [12] . In this study, subjects were instructed to hit spiders with a rod. They always started with the rod at a more or less fixed position, about 40 cm from the screen. The subjects were encouraged to Fig. 3 . Average maximal velocity with which the rod moved towards the screen and average direction of motion of the rod when 30 cm from the screen (relative to a line perpendicular to the screen) as a function of the velocity of the spider (12 subjects; each condition presented 18 times, in random order). The background was either static (O), or moved at 6 cm/s in the same (V) or the opposite (A) direction of the spider. Paired t-tests (individual subject's mean data with and without background motion; 95 % confidence limit) confirm that the moving background influences the velocity of the hit in the predicted manner in all four cases. There was no significant effect of background motion on the direction at 30 cm from the screen ties" give the impression that perception and action use different information [1] [2] [3] [4] [5] [6] 13] .
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